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© Process for preparing 1,1,1-trifluoro-2,2-dichloroethane. 



© 1,1,1-Trifluoro-2,2-dichloroethane is prepared by 
reacting, in the gas phase, 1 ,1 ,1 -trifluoro-2- 
chloroethane with chlorine. The formation of the by- 
product 1,1,1-trifluorotrichloroethane is prevented by 
effecting the reaction with a chlorine/organic com- 
pound molar ratio of not higher than 1 at a tempera- 
ture of from 350* C to 450* C and with residence 
times of the reagents in the reactor of from 5 to 25 
seconds. 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



00 

o 



Q. 

IXI 



Xerox Copy Centre 



1 



EP 0 402 874 A2 



2 



PROCESS FOR PREPARING 1,1,1-TRIFLUORO-2 f 2-DlCHLOROETHANE 



The present invention relates to a process for 
(continuously) preparing 1 ,1 ,1 -trif luoro-2,2-dich- 
loroethane by reaction between gaseous 1,1,1- 
trifIuoro-2-chloroethane and chlorine, which allows 
to obtain the product in a yield of about 100%, free 
of the by-product 1,1,1 -trif luoro-trichloroethane. 

1,1,1 -Trif luoro-2,2-dich!oroethane is a well- 
known chlorofluorohydrocarbon (HCFC 123) now 
internationally recognized as the most likely sub- 
stitute for CFC 11 in the fields of aerosols, refrig- 
eration and foamed articles, due to its ability of 
decomposing in the atmosphere and therefore of 
not chemically interacting with the tropospheric 
ozone layer. 

Several processes for preparing 1,1,1 -trif luoro- 
2,2-dichloroethane by reaction of the corresponding 
monochlorinated compound with chlorine are 
known in the art. 

According to US-A-4,1 45,368. the two compo- 
nents are reacted under formation of a mixture 
consisting of 1,1,1 -trif luoro-2,2-dichloroethane, 
1,1,1 -trif luorotrichloroethane and unreacted mate- 
rial. Thereafter the dichlorinated product is recov- 
ered and the trichlorinated derivative subsequently 
is reacted with additional amounts of the starting 
monochlorinated derivative, in the presence of 
catalysts consisting of metal oxides or oxyfluorides 
or of activted carbon, in order to obtain further 
quantities of 1,1,1 -trif luoro-2,2-dichloroethane by 
means of a "coproportionation" reaction between 
the two reagents. 

The latter reaction affords yields of not higher 
than 15%. According to US-A-4,060,469, 1,1,1- 
trifluoro-2,2-dich!oroethane is prepared by reacting 
the monochlorinated- derivative with chlorine, with- 
out formation of the perch lorinated by- product 
CF3CCI3. operating under photochemical chlorina- 
tion conditions with less than equimolar amounts of 
chlorine. 

However, said process cannot be employed on 
an industrial scale because of the difficulty of con- 
structing photochemical reactors of suitable dimen- 
sions. 

Finally, according to US-A-2 ,644,845, 1,1,1- 
trifluoro-2,2-dichloroethane is prepared, in admix- 
ture with considerable amounts of perchlorinated 
product (CF3CCI3) and monochlorinated product, 
by means of thermal chlorination of 1,1,1-trihaloal- 
kanes with chlorine, carried out at temperatures 
higher than 200* C and generally ranging from 
350 *C to 450 "C. Said patent points out the dif- 
ficulty of obtaining 1, 1,1 -trif luoro-2,2-dichioroethane 
from CF3CH2CI without concomitant and significant 
formation of perhalogenated compound CF3CCI3, 
which is favoured* by a higher reaction rate. 



It is, therefore, apparent that there is still a 
need for a simple industrial process by which it is 
possible to (continuously) prepare large amounts of 
1,1,1 -trif luoro-2,2-dichloroethane with a minimum 

5 production of perhalogenated by-product 1,1,1- 
trif luorotrichloroethane (CF3 CCI3 ). 

It has now surprisingly been found that by 
using a particular combination of reaction tempera- 
ture, residence time of the reagents in the reactor 

10 and molar ratio of the reagents it is possible to 
obtain 1,1,1 -trif luoro-2,2-dichloroethane substantial- 
ly free of 1,1,1-trifluorotrichloroethane. 

In particular, the operative conditions which 
permit to obtain the desired result comprise reac- 

75 ting, in the gas phase, chlorine with 1,1 ,1 -trif luoro- 
2-chloroethane in molar ratios of the former to the 
latter not exceeding 1, at temperatures ranging 
from 350 *C to 450* C and with both reagents 
remaining under the above reaction conditions for 

20 intervals ranging from 5 to 25 seconds. 

Thus, the present invention provides a process 
for preparing 1 ,1 ,1 -trifluoro-2,2-dichloroethane 
which comprises reacting, in the gase phase and at 
a temperature ranging from 350 'C to 450* C, 

25 1,1,1 -trif luoro-2-chloroethane with chlorine in a mo- 
lar ratio chlorine/1,1, 1-trifluoro-2-chloroethane of not 
higher than 1 and with contact times, or periods of 
times for which the reagents remain under the 
above reaction conditions, ranging from 5 to 25 

30 seconds. 

Preferably chlorine/1 ,1 ,1 -trifluoro-2- 

chloroethane molar ratios ranging from 0.3 to 1, 
particularly from 0.5 to 0.8, are employed. With 
molar ratios lower than 0.3, a significant decrease 

35 in the conversion occurs, and not even an increase 
of the reaction temperature and of the contact time 
to the maximum allowable levels can compensate 
said effect. 

Chlorine may be used in the pure state or 
40 diluted with an inert gas, for example nitrogen, 
helium or argon. 

Preferred reaction temperatures range from 
350*Cto 400* C. 

Preferred values of the time during which the 
45 reagents remain under the above reaction con- 
ditions range from 10 to 15 seconds. The reaction 
is conducted in the gas phase, preferably at at- 
mospheric pressure. Preferably tubular reactors 
made of a metal material such as nickel and iron, 
50 alloys such as tnconel, Hastelloy, or stainless steel 
are employed. Stainless steel is the most preferred 
material. 

Besides the substantial absence of 1,1,1- 
trifluorotrichloroethane in the reaction mixture, the 
process of the present invention offers the further 
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advantage, as compared to the processes of the 
prior art, of being a non-catalytic process (i.e. a 
process free from the drawbacks stemming from 
catalyst exhaustion or decay) and of being carried 
out in a single reaction stage. 

According to a preferred embodiment of the 
present invention, the reagents are continuously 
fed to the reactor, which is thermoregulated at the 
desired temperature, whereafter the vapors leaving 
the reactor are subjected to scrubbing with an 
aqueous solution at 5-20% by weight of an alkali 
hydroxide. Thereafter they are dried, for example 
over CaCl2. and cooled in a dry ice trap until 
complete condensation is achieved. 

Unreacted 1,1,1-trifluoro-2-chloroethane can be 
recovered from the reaction mixture by means of 
distillation and then, after addition of chlorine in the 
amounts indicated hereinbefore, it can be recycled 
to the reactor for further conversion to 1,1,1- 
trifiuoro-2,2-dichloroethane. 

In order to promote the mixing between the 
reagents and to secure a homogeneous tempera- 
ture throughout the entire gaseous mixture, the 
reactor generally is filled with an inert material in 
the form of shavings or the like, having irregular 
shapes and sizes, however, in amounts such as to 
not cause too high a pressure drop in the gaseous 
stream flowing through the reactor. 

The following examples are given to better 
illustrate the present invention, without being, how- 
ever, a limitation thereof. 



EXAMPLE 1 

A total of 0.86 moles/h of a mixture, preheated 
to 200* C, composed of anhydrous chlorine, 1,1,1- 
trifluoro-2-chloroethane and nitrogen in molar ratios 
chlorine/trifluoro-2-chloroethane/nitrogen = 
0.8:1:1.13, was introduced.at atmospheric pressure, 
into a cylindrical AISI 316 steel reactor having an 
internal diameter of 20 mm and a length of 500 
mm (reactor volume « 157 ml), filled with AISI 316 
steel shavings up to a "usable" volume of 120 ml, 
and thermoregulated at 380* C. 

The residence time of the vapors forming the 
feed mixture in the reactor was 10 seconds. The 
vapors leaving the reactor were scrubbed and con- 
densed in an aqueous solution of NaOH at 10% in 
order to remove the hydrochloric acid which had 
formed, as well as the unreacted chlorine, if any. 

The recovered organic product, subjected to 
gas-chromatographic analysis, exhibited the follow- 
ing composition: 

1,1,1-trifluoro-2,2-dichloroethane 21% by weight 
1 ,1 ,1-trifluorotrichloroethane absent 
1 ,1 ,1-trifluoro-2<;hloroethane 79%. 



EXAMPLE 2 

A total of 0.78 moles/h of a mixture, preheated 
to 200 °C, consisting of chlorine, 1 ,1 ,1 -trifluoro-2- 

5 chloroethane and nitrogen in molar ratios 
chlorine/organic product/nitrogen = 0.5:1.0:1.13, 
was introduced, at atmospheric pressure, into the 
reactor of example 1 , thermoregulated at 400 C. 
The residence time of the vapors forming .the 

70 feed mixture in the reactor was 10 seconds. By 
following the procedure of example 1 an organic 
mixture was recovered which, when examined by 
gas-chromatography, exhibited the following com- 
position: 

T5 1 ,1 ,1-trifluoro-2,2-dichloroethane 15.0% by weight 
1,1 ,1-trifluorotrichloroethane 1.0% by weight 
unreacted 1,1,1-trifluoro-2-chloroethane 84.0% by 
weight. 

20 

Claims 

1. Process for preparing 1,1,1-trifluoro-2 t 2-dich- 
loroethane which comprises reacting, in the gas 

25 phase and at a temperature of from 350* C to 
450* C, 1,1,1-trifluoro-2-chloroethane with chlorine 
in a molar ratio chlorine/1,1 ,l-trifluoro-2- 
chloroethane of not higher than 1 and with contact 
times of from 5 to 25 seconds. 

30 2. Process according to claim 1, wherein the 
chlorine/1 ,1 ,1 -trif luoro-2-chloroethane molar ratio 
ranges from 0.5 to 0.8. 

3. Process according to any one of claims 1 
and 2, wherein the contact times range from 10 to 

35 15 seconds. 

4. Process according to any one of the preced- 
ing claims, wherein the reaction temperature 
ranges from 350° C to 400° C. 

5. Process according to any one of claims 1 to 
40 4, which is conducted continuously. 
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